1. Background {#sec156738}
=============

Amongst major duties of physicians is to manage patients' complaints. The main reason for morbidity in patients undergoing surgical procedures is post-operative complications ([@A32172R1]). One of the most unpleasant complications occurring during the early phase of recovery following general anesthesia is shivering, which is known as clonic movements recovering five to thirty minutes after anesthesia cessation ([@A32172R2]). Shivering is random spontaneous and asynchronous skeletal muscle contractions that increases the basal metabolism and is characterized to be a defense mechanism for regulation of temperature in adults ([@A32172R3]). The incidence of shivering varies from 5% to 65% with general anesthesia, while it occurs in 57% and 30% of cases following regional and epidural anesthesia, respectively ([@A32172R4]). Shivering causes physiological stress, which results in increased carbon dioxide production, oxygen consumption, cardiac output, intracranial and intraocular pressure, and other complications related to sympathetic stimulation ([@A32172R5]). In this regard, an important aspect of patient care is the treatment and prevention of post-operative shivering.

Although various pharmacological agents have been used to prevent or treat the post-operative shivering, including alfentanil, sufentanil, ketanserin, physostigmine, nefopam, urapidil, doxapram, tramadol, nalbuphine, and pethidine, the ideal drug for this query has not been found ([@A32172R2]-[@A32172R7]). Among these drugs, pethidine has been shown to be one of the effective drugs. Nevertheless, some disadvantages including nausea, vomiting, hallucination and respiratory distress have been reported following the use of pethidine ([@A32172R2]).

At a number of levels, N-methyl-d-aspartate (NMDA) receptor antagonists are likely to modulate thermoregulation. N-methyl-d-aspartate receptors, located at the dorsal horn of the spinal cord, play an important role in modulating transmission of nociceptive stimuli. In contrast to regional or local anesthesia, general anesthesia does not inhibit the peripheral ascending nociceptive transmission from the site of operation to the dorsal horn of the spinal cord ([@A32172R8]). In this regard, NMDA receptors blockade may prevent central sensitization. Consequently, NMDA antagonists at sub-anesthetic doses block or inhibit central hypersensitivity ([@A32172R9]). Ketamine, NMDA receptor competitive antagonist, has different characteristics such as cerebral vasodilatation, induction of relaxation of bronchial smooth muscle, amnesia, ability to increase intra-cranial pressure, cause transient, and marked increase of blood pressure by sympathetic system stimulation, and analgesia ([@A32172R10]). Ketamine can likely control shivering, as a prophylactic agent ([@A32172R11]).

Different doses of intravenous ketamine have been used to treat and prevent shivering during general anesthesia ([@A32172R11]-[@A32172R14]); however, the detailed influence of low dose intravenous ketamine to treat and prevent shivering in children undergoing general anesthesia has not been extensively examined. Side effects of ketamine have been reported mostly in high doses. Nevertheless, there is a consensus concern regarding the optimal dose for children.

2. Objectives {#sec156739}
=============

We administered an intravenous infusion of low dose intravenous ketamine for general anesthesia in children who were undergoing tonsillectomy. Thereafter, we aimed to evaluate the effects of this type of treatment on the prevention of shivering in children during general anesthesia.

3. Patients and Methods {#sec156741}
=======================

The current study was a randomized, double-blinded, placebo-controlled trial performed at the anesthetic clinic of Peymanie hospital, which is a tertiary healthcare center affiliated with Jahrom University of Medical Sciences during November 2013 to December 2014. Eighty children (American society of anesthesiologist (ASA) physical status I or II), who were scheduled for tonsillectomy under general anesthesia, ranging in age from six to twelve years, were enrolled in this study, as shown in [Figure 1](#fig29389){ref-type="fig"}. The study protocol was based on the tenets of the declaration of Helsinki and was approved by the institutional review board of the Jahrom University of Medical Sciences. We obtained the approval of the ethics committee of Peymanie hospital before the study, and all of the participants' parents or guardians gave their written informed consent. Recurrent tonsillar infection was the indication for surgery. None of the participants had a history of bleeding disorders, known hypersensitivity to the study medication (ketamine), and signs of acute pharyngeal infection. Furthermore, none of the children underwent additional surgical procedures such as adenoidectomy or insertion of ventilation tubes.

![Participation Flow Chart](aapm-06-03-32172-i001){#fig29389}

The patients had been referred to the anesthetic center for pre-operative evaluation, one day before the operation. They were registered to participate in the study after referral by a physician who was not part of the study. Each participant selected a sealed envelope containing a number of admissions. The envelope was opened by a nurse who was blinded to the study groups. Randomization was done by a computer-based random digit generator. According to the random number tabulation, the sealed black and white boxes containing ketamine and placebo, respectively, were assigned to each child. Thus, the patients were randomly allocated to receive either ketamine (Ketalar, Parke-Davis, India) at a dosage of 0.5 mg/kg (40 patients; group K) or matched placebo (normal saline) (40 patients; group N).

Six and three hours before induction of anesthesia, all children had fasted for solids and clear fluids, respectively. Although no pre-medications were given, the children received Emila topical cream an hour before induction of anesthesia to facilitate venous cannulation. A surgeon who was blinded to the study protocol operated on all the patients and the same and standardized general anesthetic protocol was used for all patients. Children were monitored by an electrocardiogram, for heart rate (HR), blood pressure (BP), and oxygen saturation before the induction of general anesthesia. Anesthesia was induced using thiopentone 5 mg/kg or 4% sevoflurane and 60% nitrous oxide in O~2~ if venous accessibility could not be obtained before anesthesia induction. Simultaneously, with orotracheal intubation, intravenous warmed to 37°C lactated ringer's solution at 10 mL/kg/hour was infused. After intubation, anesthesia was maintained with manual assistance of 60% nitrous oxide in O~2~, 2% sevoflurane, and spontaneous ventilation. Children were covered with warmed surgical sheets over their calves, chest and thighs yet were not actively heated. Ambient temperature was set at 23 - 25°C with constant humidity.

The study drug was administered intravenously after anesthesia induction. Volatile anesthetic agents were discontinued at the end of surgery, and tracheal extubation was done when sufficient spontaneous ventilation (respiratory rate \> 12 breaths/minute, VT \> 5 mL/kg) was acceded and the children regained cough or gag reflex. The children were brought to the recovery room, after they were fully awake. The shivering intensity was graded using a standardized four-point scale ([@A32172R15]) ([Table 1](#tbl39959){ref-type="table"}) at the following time points: T0, at the recovery room; and T10, 10 minutes; T20, 20 minutes; T30, 30 minutes, thereafter. For inhibiting unwanted complications, clonidine 0.5 μg/kg was prepared as a rescue drug to stop grade 3 and 4 of shivering intensity at T30 in both study groups.

###### Grading of Shivering Intensity

  Grade   Clinical Signs
  ------- -----------------------------------------------------------------------------------------------------------
  **0**   No shivering
  **1**   Peripheral, piloerection vasoconstriction, or both are present but no visible shivering
  **2**   Muscular activity in only one muscle group
  **3**   Muscular activity in more than one muscle group but no generalized shivering (moderate muscular activity)
  **4**   Shivering involving the whole body (violent muscular activity)

Heart Rate with systolic and diastolic BP was measured before, quickly after and at the 5, 10, 15, 25, and 30 minutes after general anesthesia. Simultaneously with recording shivering intensity, peripheral oxygen saturation, body temperature, and ketamine-related side effects such as hallucinations, nausea, vomiting, blurred vision, urinary retention, hypotension, tachycardia, and seizure were recorded. Intravenous metoclopramide (10 mg) was administered for children with nausea or vomiting, and respiratory depression was supported with active ventilation in both study groups. All children were discharged the day after tonsillectomy. All of the data were recorded by a blinded trained anesthesiology resident.

3.1. Statistical Analysis {#sec156740}
-------------------------

In regards to the preliminary study ([@A32172R16]) and to reach a power of 90%, for determination of significant differences regarding the shivering intensity within the study groups (P = 0.05, 2-sided), thirty patients were required for each group. Finally, we enrolled 40 children in each group to compensate any refusal or non-valuable data. To determine the sample size, online software was used (please see: http://www.stat.ubc.ca/rollin/stats/size/). The statistical package for social science (SPSS) for windows, version 15 (SPSS Inc., Chicago, IL) was used for data analysis. Data are reported as means ± standard deviation (SD) or median for quantitative variables and percentages for categorical variables. Independent T-test was used to compare results between the groups, paired T-test was used to compare results within groups, and Chi-square sample test was used to compare proportions. A two-sided P \< 0.05 was considered statistically significant.

4. Results {#sec156742}
==========

Out of the 80 children who were enrolled in the study, no one was lost to follow-up; thus, the number of children who finished the study was eighty. In regards to the demographic and surgical data, no significant differences between the two study groups were seen ([Table 2](#tbl39960){ref-type="table"}). All baseline characteristics were comparable between both study groups.

###### The Demographic and Operation Characteristics During the Study Period^[a](#fn43289){ref-type="table-fn"}^

  Variable                            Group K (n = 40)   Group N (n = 40)   P Value
  ----------------------------------- ------------------ ------------------ ---------
  **Age, y**                          9.57 (2.92)        9.97 (6.52)        0.72
  **Height, cm**                      129.28 (10.51)     126.76 (12.02)     0.32
  **Weight, kg**                      27.29 (7.31)       25.71 (9.01)       0.39
  **Heart rate, beats per minute**    92.24 (10.97)      90.03 (9.46)       0.33
  **SBP, mmHg**                       118.29 (7.34)      120.71 (9.27)      0.19
  **DBP, mmHg**                       76.17 (6.01)       78.29 (13.14)      0.35
  **Peripheral oxygen saturation**    99.01 (0.91)       98.97 (0.99)       0.85
  **Core temperature**                36.97 (0.52)       37.14 (0.29)       0.07
  **Lowest core temperature**         36.34 (0.47)       36.51 (0.39)       0.08
  **Lowest peripheral temperature**   34.17 (0.41)       34.29 (0.56)       0.27
  **Anesthesia duration, minute**     30.01 (3.28)       31.28 (3.09)       0.08
  **Surgery duration, minute**        27.99 (1.02)       28.54 (1.73)       0.09

Abbreviations: DBP, diastolic blood pressure; group K, case group; group N, control group; SBP, systemic blood pressure.

^a^Values are expressed as mean (SD).

As shown in [Figure 2](#fig29390){ref-type="fig"}, the mean systolic pressure was 119.61 ± 16.79 in the K group and 120.91 ± 13.67 in the N group, before the general anesthesia. Moreover, before anesthesia induction, the mean diastolic pressure was 77.67 ± 6.01 in the K group and 79.77 ± 9.24 in the N group ([Figure 3](#fig29391){ref-type="fig"}). No arterial hypotension (systolic blood pressure \< 90 mm Hg) was reported. According to [Figure 4](#fig29392){ref-type="fig"}, no tachycardia or bradycardia were reported.

![Changes in Mean Systolic Pressure Between Groups K and N](aapm-06-03-32172-i002){#fig29390}

Each bar represents mean ± SD. Case group (n = 40) received general anesthesia that consisted of ketamine 0.5 mg/kg. Control group (n = 40) received general anesthesia that consisted of normal saline. There were no significant differences within and between group K and N before, quickly after and at 5, 10, 15, 25, and 30 minutes after general anesthesia.

![Changes in Mean Diastolic Pressure Between Groups K and N](aapm-06-03-32172-i003){#fig29391}

Each bar represents mean ± SD. Group K (n = 40) received general anesthesia that consisted of ketamine 0.5 mg/kg. Group N (n = 40) received general anesthesia that consisted of normal saline. There were no significant differences within and between group K and N before, quickly after and at the 5, 10, 15, 25, and 30 minutes after general anesthesia.

![Changes in Heart Rate Between Groups K and N](aapm-06-03-32172-i004){#fig29392}

Each bar represents the mean ± SD. Group K (n = 40) received general anesthesia that consisted of ketamine 0.5 mg/kg. Group N (n = 40) received general anesthesia that consisted of normal saline. There were no significant differences within and between group K and N before, quickly after and at the 5, 10, 15, 25, and 30 minutes after general anesthesia.

Shivering intensity in children who had received ketamine was significantly lower than children who did not receive ketamine at the recovery room, and 10, 20, and 30 minutes after arrival (P \< 0.05, [Table 3](#tbl39961){ref-type="table"}). None of the patients in the K group experienced grade 3 of shivering and none of the participants of both study groups had grade 4 of shivering. All of the patients in K group had no shivering in T30 after arrival to the recovery room ([Table 3](#tbl39961){ref-type="table"}). No significant differences regarding ketamine-related side effects were reported between the two study groups ([Table 4](#tbl39962){ref-type="table"}, P ≥ 0.05).

###### Shivering Intensity in Patients of the Ketamine and Placebo Groups on Arrival to the Recovery Room (T0), and Ten (T10), Twenty (T20), and Thirty (T30) Minutes After Arrival

  Time After Arrival To The Recovery Room   Grade 0/1/2/3/4   P Value        
  ----------------------------------------- ----------------- -------------- -----------
  **Number**                                40                40             
  **T0**                                    38/0/2/0/0        11/11/15/3/0   \< 0.0001
  **T10**                                   38/2/0/0/0        9/7/20/4/0     \< 0.0001
  **T20**                                   39/1/0/0/0        9/7/24/0/0     \< 0.0001
  **T30**                                   40/0/0/0/0        11/12/17/0/0   \< 0.0001

Abbreviations: K, case group; N, control group.

###### Ketamine-Related Side Effects of the Two Study Groups During the Study Period^[a](#fn43292){ref-type="table-fn"}^

  Variable                Group K   Group N   P Value
  ----------------------- --------- --------- ---------
  **Hallucination**       0         0         NS
  **Nausea**              2 (5)     1 (2)     NS
  **Vomiting**            1 (2)     1 (2)     NS
  **Hypotension**         0         0         NS
  **Tachycardia**         0         0         NS
  **Blurred vision**      0         0         NS
  **Seizure**             0         0         NS
  **Urinary retention**   0         0         NS

Abbreviations: K, case group; N, control group; NS, not significant.

^a^Values are expressed as No. (%).

5. Discussion {#sec156743}
=============

According to the data revealed from the present study, administration of intravenous ketamine at a dosage of 0.5 mg/kg exactly after anesthesia induction has a preventive effect on shivering intensity without hemodynamic alterations in children undergoing general anesthesia for tonsillectomy. Moreover, the use of intravenous ketamine at the doses used in the current study does not significantly increase unwanted side effects such as hallucination, nausea, and vomiting in children.

The data of the current study revealed that intravenous administration of 0.5 mg/kg of ketamine provides effective anti-shivering postoperatively. In consonance to our study, Dal et al. ([@A32172R11]) found that ketamine, 0.5 mg/kg intravenously, is effective in prevention of shivering after general anesthesia. In a similar study, Zahra et al. ([@A32172R16]) reported that 1 mg/kg of intramuscular ketamine is effective in inhibiting post-operative shivering in children. Kose et al. ([@A32172R12]) showed that 0.5 and 0.75 mg/kg of ketamine intravenously is more effective than meperidine 25 mg for prevention and treatment of post-operative shivering in adults and confirmed the results of the current study; however, our study was performed on children. Nevertheless, ketamine's mechanism of action is not completely understood; it is not clear whether it acts via opioid receptors or directly on the thermoregulatory center ([@A32172R11]).

No relationship has been demonstrated between occurrence of shivering and core temperature ([@A32172R17]). Furthermore, post-anesthetic shivering can be controlled by pharmacological agents, radiant heat application, and skin surface warming ([@A32172R17]). Similar to Kose et al. ([@A32172R12]) we found no significant differences in core and peripheral temperature between the study groups. All temperatures of children were over 36ºC and there was no need for active warming. In contrast, Zavareh et al. ([@A32172R18]) found a positive significant relationship between body temperature and post-operative shivering. This discrepancy may be related to differences of factors such as temperature of the operation room, duration of surgery, solution infusion, and other active warming methods, which are considered as risk factors for shivering and hypothermia.

However, a low dose of ketamine (0.5 mg/kg) for general anesthesia has a strong effect as an anesthetic agent, yet a higher dose of ketamine (0.75 mg/kg or higher) is associated with hallucination, nausea, vomiting, hemodynamic dysfunction, blurred vision, and seizure in a dose dependent manner ([@A32172R12]). In the current study, due to the low dose of ketamine (0.5 mg/kg), hallucination, hemodynamic dysfunction, blurred vision, and seizure did not occur. Furthermore, there were no significant differences in nausea and vomiting between the two study groups.

The large sample size of the studied population is one of the advantages of the current study, which resulted in significant differences between variables and proportions. Furthermore, the data for continuous variables were not dichotomized, which additionally impacted the precision of the analysis. One of the limitations of the present study was the short duration and low blood loss of the procedure (tonsillectomy). In this regard, most of the time significant hypothermia and shivering did not occur.

In conclusion, the data of the current study suggest that an intravenous administration of low dose ketamine in children undergoing general anesthesia inhibits the occurrence of shivering without hemodynamic alterations, and reduces the occurrence of unwanted side effects related to a high dose of intravenous ketamine infusion.
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